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Abstract
a11111

Background
Data from the Chinese police service suggest substantial reductions in road traffic injuries
since 2002, but critics have questioned the accuracy of those data, especially considering
conflicting data reported by the health department.
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Methods
To address the gap between police and health department data and to determine which may
be more accurate, we conducted a simulation study based on the modified Smeed equation,
which delineates a non-linear relation between road traffic mortality and the level of motorization
in a country or region. Our goal was to simulate trends in road traffic mortality in China and compare performances in road traffic safety management between China and 13 other countries.
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Results
Chinese police data indicate a peak in road traffic mortalities in 2002 and a significant and a
gradual decrease in population-based road traffic mortality since 2002. Health department
data show the road traffic mortality peaked in 2012. In addition, police data suggest China’s
road traffic mortality peaked at a much lower motorization level (0.061 motor vehicles per
person) in 2002, followed by a reduction in mortality to a level comparable to that of developed countries. Simulation results based on health department data suggest high road traffic mortality, with a mortality peak in 2012 at a moderate motorization level (0.174 motor
vehicles per person). Comparisons to the other 13 countries suggest the health data from
China may be more valid than the police data.
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Our simulation data indicate China is still at a stage of high road traffic mortality, as suggested by health data, rather than a stage of low road traffic mortality, as suggested by
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police data. More efforts are needed to integrate safety into road design, improve road traffic
management, improve data quality, and alter unsafe behaviors of pedestrians, drivers and
passengers in China.

Introduction
Road traffic crashes are the 8th leading cause of global deaths[1], causing major international
public health bodies such as the United Nations to call for global action to reduce road traffic
crashes [2]. As the country with the largest population in the world, China is particularly vulnerable to the impact of road traffic injury[3, 4, 5, 6], and concerted efforts to improve road
traffic safety in China have the potential to greatly reduce global road traffic injury rates. Accurate assessment of road safety data is imperative for the implementation and evaluation of preventive strategies.
There are two primary sources of road traffic mortalities in China, police data and health
department data. Currently, the two data sources present conflicting mortality rates and trends
[7, 8]. In one study, police data were reported to underestimate road traffic mortality by about
50% compared to health department data [7]. In a second study comparing road traffic deaths
in 2009 police data to WHO estimates, police data indicated about 45% fewer deaths than
WHO estimates [8]. Considering the extensive use of police data for the formulation and tailoring of road traffic safety policies in China [9, 10, 11], it is urgent to assess the accuracy of the
police data, along with alternative data sources such as the health data. In particular, two critical research questions are unclear and motivated this research: (a) What is the status of road
traffic mortality in China currently and over recent years? and (b) Has road traffic safety in
China improved to the extent the police data reflect?
The modified Smeed equation is used to fit the relationship between road traffic mortality
and the level of motorization (per capita motor vehicles) for a country or region, helping to
portray trends in road traffic mortality and predict mortality from road traffic crashes as that
country or region motorizes [12, 13]. To address our research questions mentioned above, we
fitted the modified Smeed equation using both police data and health department data from
China. We also compared Chinese trends to those of 13 other countries (Belgium, Finland,
Greece, Hungary, Ireland, Japan, Lithuania, New Zealand, Portugual, Slovenia, Spain, Poland,
and United States). We hypothesized that (1) road traffic mortality in China has not yet peaked
at its highest stage; and (2) road traffic mortality in China is not decreasing in the manner
reflected by police data.

Materials and Methods
Ethical issue
This study uses open access data and does not involve the information of individuals. This
study was approved by the Medical Ethics Committee of Central South University.

Data sources
Road traffic mortality data were obtained from the Ministry of Public Security (police data)
and from the National Health and Famly Planning Commission (health data) for China [14,
15]. For police data, we retrieved data collected over a span of 44 years, from 1970 to 2013; data
from each year included the number of road traffic deaths, the number of registered motor
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vehicles, and the size of the population. For health data, we collected road traffic mortality data
from 2002 to 2013; health data prior to 2002 are not available to researchers or the public [16].
Police data are reported in the Road Traffic Accident Statistics Annual Report for China
[17]. The road traffic death data are recorded by traffic police. Local traffic management
bureaus within Departments of Public Security regularly summarize the traffic police reports,
capturing information about deaths, non-fatal injuries and economic loss from all road traffic
crashes. These data are reported through several levels of administration (local, municipality,
provincial) and ultimately are compiled by the Ministry of Public Security of China. Police data
include deaths that occur within 7 days after the crash [18], a standard that is different from
the common operational definition of 30 days in most countries [19, 20]. Replicating the strategy of the World Health Organization [21], we used the recommended standard from the
European Conference of Ministers of Transport to translate the fatality data from the 7-day
definition to the more standard 30-day definition by multiplying a ratio of 1.08.
Health data were sourced from the Chinese Health Statistics Yearbook, which has been
released annually since 2002 by the National Health and Family Planning Commission (former
name: the Ministry of Health) [16]. Health data are collected through the Chinese Death Cause
Registration system, which is estimated based on a sample of about 10% of the total population.
Health mortality data are derived from physician-completed death certificates. Families are
required to present death certificates to get permission for cremation or burial when a person
dies. The death certificates are first submitted to police departments by family members and
then forwarded to the municipal, provincial, and national departments of health [15]. Since
2002, health data are coded using standards from the 10th version of International Classification of Diseases (ICD-10). Traffic crash fatality data use the standard of deaths within 30 days
following the crash [16].
We also collected data from 13 other countries that offered complete data related to our
research purposes from the online library of the Organization for Economic Cooperation and
Development (OECD) [22]. The thirteen countries were selected primarily because they had
complete data available to match our research purposes; they also cover a range of different
types of countries from different regions of the world. Occasional data were missing for some
countries (e.g., Lithuania’s traffic crash data before 1989). All 13 countries adopt the 30-days
operational definition of road traffic deaths.

Modified Smeed equation
The original Smeed formula was proposed in 1945 to characterize relations between road traffic
mortality and the level of motorization in different countries or regions [13, 23, 24], but it failed
to reflect the potential for changing characteristics of road traffic mortality (e.g., an upward
stage and peak followed by a downward stage) [25, 26, 27]. To overcome this limitation, several
researchers have attempted to improve the Smeed formula [28, 29, 30]. In 2010, Koren et al.
proposed a modified equation based on the original Smeed formula as follows [12]:
D
N
N
¼ a   eb P
P
P

ð1Þ

In which, a and b are the parameters to be estimated and e refers to the natural constant
(approximately 2.7183). When the number of road traffic deaths (D), the number of registered
motor vehicles (N) and the population size (P) are given, one can estimate the values of a and
b.
Under a low motorization level, the ratio of N/P is close to zero, so the exp(−bN/P)
approaches 1 and the population-based fatality rate D/P depends largely on the value of N/P.
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In this case, the road traffic fatality rate would increase as the level of motorization rises without considering other factors.
In situations with high motorization level (in other words, when N/P is large), exp(−bN/P)
begins to play a more important role in the fatality rate D/P. In that case, the road traffic fatality
rate would not increase as the level of motorization rises; instead, road traffic fatality rates may
begin to drop as the result of prevention efforts [31, 32]. Thus, the modified Smeed equation
roughly characterizes the development of road traffic mortality relative to the level of
motorization.
Eq (1) can be expressed as a generalized linear model (see Eq (2)) and fitted through standard statistical software.
Y ¼ b0 þ b1  X þ ε

ð2Þ

In which
Y ¼ ln

 
 
D
N
 ln
P
P

N
P
b0 ¼ lnðaÞ
X¼

ð3Þ

b1 ¼ b
Based on the equation and the values of undetermined coefficients β0, β1, a and b, a curve
chart was produced through Matlab2013 to display the change trend of traffic accident fatality
rate.
We differentiated Eq (1) and yielded:
 0 


0
D
N
N
N
N
¼ a   eb P ¼ a  eb P  1  b
P
P
P

ð4Þ

In Eq (4), the derivative varies greatly as NP changes. When 0 < NP < 1=b, the derivative is
higher than zero; when NP ¼ 1=b, the derivative equals zero; and when NP > 1=b, the derivative is
lower than zero. Thus, stationary point 1b is the extreme point of Eq (1). We plugged the
extreme point of 1b into Eq (1) to obtain the local maximum value (and also the global maximum value) of road trafﬁc mortality. Then, we named the global maximum value as the predicted maximum mortality (PMM). At the same time, we used the equation to calculate per
capita motor vehicles corresponding to PMM.
PMM ¼

a
eb

Per capita motor vehicles corresponding to PMM ¼

ð5Þ

1
b

ð6Þ

Per capita motor vehicles corresponding to PMM can be used to approximate the performance of road safety management of a country or a region. Generally, low per capita motor
vehicles corresponding to PMM indicate effective and efﬁcient responses to the grim situation
of road trafﬁc safety [33, 34].
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Statistical analysis
Using Matlab2013, we fitted the modified Smeed equation and tested the statistical significance
of models for all countries based on the data we collected. When the absolute value of Studentized Residual was greater than 3.0 or Cook’s Distance was greater than 1.0, the corresponding
observed value was regarded as an outlier [35] and excluded from the model fit. After removing
these outliers (road traffic mortality of 2011 for Ireland, 2000 for Belgium, 2006 for Slovenia
and 1970 for Greece), we fit the modified Smeed equations. F test and determination coefficient
were used to test the statistical significance of models and assess the goodness-of-fit of models.

Results
Model goodness-of-fit
F tests show high statistical significance (p<0.001) for all fitted models. The coefficients of
determination for the fitted models were all greater than 0.83 (ranging from 0.83 to 0.98)
(Table 1), indicating that the modified Smeed equation properly fit the data of all countries.

Road traffic mortality status
We compared the model based on health department data to that based on police data and
found differences between them.
According to police data, road traffic mortality peaked at a very low level of motorization
(0.06 motor vehicles per person) in 2002. Since 2002, road traffic mortality dropped gradually
but substantially, indicating China has successfully managed road traffic crashes and safety is
improving substantially (Fig 1). On the contrary, health data show that road traffic mortality
did not reach a peak until 2012, and at a much higher level of motorization (0.174 motor
Table 1. Model fit of modified Smeed equation using the data of China and 13 selected countries.
Country

Data source

Time period

β0

β1

a

b

R2

F

p

China

1

Health data

2002–2013

5.611

-5.742

273.42

5.74

0.852

51.788

<0.001

China2

Police data2

1970–2013

6.243

-16.392

514.58

16.39

0.831

209.439

<0.001

Belgium

OECD online library3

1970–2013

6.241

-5.655

513.34

5.66

0.982

2208.767

<0.001

Finland

OECD online library3

1970–2012

6.228

-7.851

506.67

7.85

0.900

197.787

<0.001

Greece

OECD online library3

1970–2013

5.131

-3.203

169.17

3.20

0.956

844.840

<0.001

Hungary

OECD online library3

1970–2013

5.745

-6.495

312.75

6.50

0.903

379.690

<0.001

Ireland

OECD online library3

1970–2013

5.493

-5.315

242.89

5.32

0.899

357.592

<0.001

Japan

3

OECD online library

1970–2013

4.966

-3.787

143.51

3.79

0.877

299.996

<0.001

Lithuania

OECD online library3

1989–2013

5.364

-3.403

213.58

3.40

0.920

265.283

<0.001

New Zealand

OECD online library3

1970–2013

6.052

-4.444

424.95

4.44

0.836

203.217

<0.001

Poland

OECD online library3

1970,1975,1980,1985,1990–2013

5.221

-3.844

185.12

3.84

0.970

811.433

<0.001

Portugal

OECD online library3

1970–2012

6.002

-5.418

404.42

5.42

0.963

1056.563

<0.001

Slovenia

OECD online library3

1990–2013

6.478

-6.185

650.75

6.19

0.951

408.871

<0.001

Spain

OECD online library3

1970,1980,1990–2013

5.288

-3.998

197.96

4.00

0.859

140.650

<0.001

United States

OECD online library3

1970–2013

5.244

-2.709

189.37

2.71

0.847

199.475

<0.001

1

1

: Data from the Chinese Health Statistics Yearbook by the National Health and Family Planning Commission of China (former name: the Ministry of

Health of China).
2

: Data from the Road Trafﬁc Accident Statistics Report by the Trafﬁc Management Bureau of the Ministry of Public Security of China.
: Online Library of the Organization for Economic Cooperation and Development (available from: http://internationaltransportforum.org/).

3

doi:10.1371/journal.pone.0153251.t001

PLOS ONE | DOI:10.1371/journal.pone.0153251 April 12, 2016

5 / 10

Examining Road Traffic Mortality Status in China: A Simulation Study

Fig 1. Fitted curves between road traffic mortality and per capita motor vehicles based on modified Smeed equation.
doi:10.1371/journal.pone.0153251.g001

vehicles per person). These results suggest road traffic mortality in China remains at a high
level and safety is poor (Table 2, Figs 1 and 2).

China’s performance in road safety compared to 13 other countries
The PMM in China was 11.5 per 100,000 population according to the police data and 17.5 per
100,000 population according to the health data. The PMM of the other 13 countries ranged
from 13.9 per 100,000 population in Japan to 38.7 per 100,000 population in Slovenia. The
level of motorization at which the 13 countries reached PMM varied from 0.127 motor vehicles
per person in Finland to 0.369 motor vehicles per person in the United States (Table 2), figures
that can be compared to the results of 0.061 from police data in China and 0.174 from health
data in China. Given these data, it seems likely the health data from China are a better approximation of real-life crashes than the police data, as the health data indicate both a PMM and a
peak in crashes per capita motor vehicles that fall in the middle of the range of the other
nations whereas the police figures are well below the minimum values among the other 13
nations.

Discussion
Validity of Modified Smeed equation
Statistical results indicate the models we fit based on the modified Smeed equation characteractize well the association of road traffic mortality with the level of motorization in China and 13
other countries. The results generally agree with previous reports [12, 13] and validate use of
the simulation results to examine road traffic mortality trends in China.
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Table 2. Key results based on the simulation of modified Smeed equation using data from China and 13 selected countries.
Country

PMM (deaths/100,000 persons)

Per capita motor vehicles corresponding to PMM

1

Year corresponding to PMM

China–health data

17.5

0.174

China–police data2

11.5

0.061

2002

Belgium

33.4

0.177

Before 1970

Finland

23.7

0.127

Before 1970

Greece

19.4

0.312

1993–1994

Hungary

17.7

0.154

1977

Ireland

16.8

0.188

1970

Japan

13.9

0.264

Before 1970

Lithuania

23.1

0.294

1996

New Zealand

35.2

0.225

Before 1970

Poland

17.7

0.260

1990–1991

Portugal

27.5

0.185

1979

Slovenia

38.7

0.162

Before 1970

Spain

18.2

0.250

1980–1990

United States

25.7

0.369

Before 1970

2012

PMM: Predicted maximum mortality based on the modiﬁed Smeed equation.
1

: Data from the Chinese Health Statistics Yearbook by the National Health and Family Planning Commission of China (former name: the Ministry of
Health of China).

2

: Data from the Road Trafﬁc Accident Statistics Report by the Trafﬁc Management Bureau of the Ministry of Public Security of China.

doi:10.1371/journal.pone.0153251.t002

Fig 2. Road traffic mortality from police data and health data and per capita motor vehicles, China, 1970–2013.
doi:10.1371/journal.pone.0153251.g002
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Policy implications
Our findings present comparative evidence on the two key research questions that we proposed, what is the status of road traffic mortality in China and has road traffic safety in China
improved to the extent the police data reflect? Although models based on both police data and
health department data from China fit the reported data, the model based on health data provides results that are much more consistent with data from other countries.
China’s first significant legislation on road safety was released in 2004 [36]; that legislation
dictated required actions to reduce road traffic crashes in multiple governmental departments
and outlined a series of required criteria related to the design of vehicles, roads, and road traffic
control. Despite the passing of that legislation, however, road traffic safety management in
China remains inferior to most developed countries [18, 37, 38, 39, 40, 41], and in need of continued attention. The rapidly improving patterns of road traffic mortality reflected by the police
data, which imply much better performance in road traffic safety management, appear unlikely
to be valid.
Instead, according to the simulation results from the health data, road traffic mortality in
China remains at a very high level currently and has not yet entered a steady decreasing period.
These results should be disseminated to Chinese policy-makers and the public, as they contrast
substantially with results from police data that currently have a greater influence on decisionmaking related to road traffic safety than health data.
Equally important, China should systematically review existing data sources and develop a
method to make full use of all available data to obtain reliable and valid road traffic safety statistics. Even the health data have limitations that could be overcome (e.g., failure to include
details of road traffic crashes; concern about underreporting and misclassification) [14, 42, 43].
The serious underestimation of road traffic mortality rates by police data may have contributed
to the failure to pass additional legislation or amend current legislation, and policy-makers
should heed scholarly findings to use accurate data to understand the scope of the traffic safety
challenges and support policy decision-making in China.

Limitations of this study
One limitation of this study is the quality of data used. A variety of factors may influence the
quality of the data we used, including incomplete reporting and misclassification of road traffic
crashes and other diseases and injuries. Another limitation is the mathematical properties of
the modified Smeed equation, which depends on the co-occurrence of an increasing and then
decreasing stage of road traffic mortality. The equation fits any road traffic mortality series
showing an increasing stage and then a decreasing stage but does not have the capacity to fit
other trends.

Conclusions
Our simulation results suggest the health data from China more accurately portray real traffic
mortality data than the police data, and China remains at a stage of very high road traffic mortality. National and local efforts should be enhanced to address the challenge of traffic safety in
China. Part of these efforts should be efforts to obtain and use accurate data about road traffic
injuries and mortalities. The police data that are currently used may not offer such validity.

Acknowledgments
This work was supported by the Natural Science Foundation of China (No. 71371192,
71561167001, and 81573260).

PLOS ONE | DOI:10.1371/journal.pone.0153251 April 12, 2016

8 / 10

Examining Road Traffic Mortality Status in China: A Simulation Study

Author Contributions
Conceived and designed the experiments: HH GH QY. Performed the experiments: HH QY
GH. Analyzed the data: HH QY GH DS LL. Contributed reagents/materials/analysis tools: HH
QY GH DS LL. Wrote the paper: HH QY GH DS LL.

References
1.

World Health Organization. Global status report on road safety 2013: supporting a decade of action
[Internet]. Geneva: World Health Organization; 2013 [cited 2015 Jul 12]. Available: http://apps.who.int/
iris/handle/10665/78256.

2.

United Nations Road Safety Collaboration. Global plan for the decade of action for road safety 2011–
2020. Geneva: World Health Organization; 2011 [cited 2015 Jul 15]. Available: http://www.who.int/
roadsafety/decade_of_action/en/.

3.

Hu G, Wen M, Baker TD, Baker SP. Road-traffic deaths in China 1985–2005: threat and opportunity. Inj
Prev. 2008; 14(3):149–53. doi: 10.1136/ip.2007.016469 PMID: 18523105

4.

Samuel JC, Sankhulani E, Qureshi JS, Baloyi P, Thupi C, Lee CN, et al. Under-reporting of road traffic
mortality in developing countries: application of a capture-recapture statistical model to refine mortality
estimates. PLoS One. 2012; 7(2):e31091. doi: 10.1371/journal.pone.0031091 PMID: 22355338

5.

Wang SY, Li YH, Chi GB, Xiao SY, Ozanne-Smith J, Stevenson M, et al. Health system reform in China
4 injury-related fatalities in China: an under-recognised public-health problem. The Lancet. 2008; 372
(9651):1765–73.

6.

Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global and regional mortality
from 235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the Global Burden of Disease Study 2010. The Lancet. 2012; 380(9859):2095–128.

7.

Hu G, Baker T, Baker SP. Comparing road traffic mortality rates from police-reported data and death
registration data in China. Bulletin of the World Health Organization. 2011; 89(1):41–5. doi: 10.2471/
BLT.10.080317 PMID: 21346889

8.

Alcorn T. Uncertainty clouds China's road-traffic fatality data. The Lancet. 2011; 378(9788):305–6.

9.

Traffic Management Bureau of the Ministry of Public Security PRC. Compilation of statistical data on
national road traffic accidents. Beijing: Qunzhong Publishing; 2010. Chinese.

10.

Tang TQ, Huang HJ, Shang HY, Xue Y. Properties of traffic risk coefficient. Chinese Physics Letters.
2009; 26(10);216–219.

11.

Wang X, Yang S, Yu R, Schultz GG. Safety modeling of suburban arterials in shanghai, china. Accident
Analysis & Prevention. 2014; 70(6):215–224.

12.

Koren CS, Borsos A. Similarities and differences among countries concerning road fatality rates.
Transport Research Arena; Brussels, Belgium. 2010. p. 8.

13.

Smeed RJ. Some Statistical Aspects of Road Safety Research. Journal of the Royal Statistical Society.
Series A (General). 1949; 112(1):1–34.

14.

Ma S, Li Q, Zhou M, Duan L, Bishai D. Road traffic injury in China: a review of national data sources.
Traffic Inj Prev. 2012; 13 Suppl 1:57–63. doi: 10.1080/15389588.2011.633945 PMID: 22414129

15.

Yang G, Hu J, Rao K, Ma J, Rao C, Lopez A. Mortality registration and surveillance in China: History,
current situation and challenges. Population Health Metrics. 2004; 3(1):3.

16.

National Health and Family Planning Commission (NHFPC) PRC. Chinese Health Statistics Yearbook
2014. Beijing: Peking Union Medical College; 2014. Chinese.

17.

Traffic Management Bureau of the Ministry of Public Security PRC. Road Traffic Accident Statistics
Annual Report of the People’s Republic of China 2013. Wuxi: Traffic Management Science Research
Institute of Ministry of Public Security; 2014. Chinese.

18.

Zhang W, Tsimhoni O, Sivak M, Flannagan MJ. Road safety in China: Analysis of current challenges.
Journal of Safety Research. 2010; 41(1):25–30. doi: 10.1016/j.jsr.2009.12.003 PMID: 20226947

19.

International Transport Forum. Road Safety Annual Report 2014. Paris: Organization for Economic
Co-operation and Development; 2014 Jun 3 [cited 2015 Jul 9]. Available: http://www.
internationaltransportforum.org/Pub/pdf/14IrtadReport.pdf.

20.

Santos SM, Carvalho F, Mira A. How long do the dead survive on the road? Carcass persistence probability and implications for road-kill monitoring surveys. PLoS One. 2011; 6(9):e25383. doi: 10.1371/
journal.pone.0025383 PMID: 21980437

PLOS ONE | DOI:10.1371/journal.pone.0153251 April 12, 2016

9 / 10

Examining Road Traffic Mortality Status in China: A Simulation Study

21.

World Health Organization. Global status report on road safety 2009: time for action. Geneva: World
Health Organization; 2009[cited 2015 Jul 12]. Available: http://www.who.int/violence_injury_
prevention/road_safety_status/2009/en/.

22.

Online Library of the Organisation for Economic Cooperation and Development. Paris: Organization
for Economic Co-operation and Development (OECD). [cited 2015 Mar 8]. Available: http://stats.oecd.
org/.

23.

Partyka SC. Simple models of fatality trends using employment and population data. Accident Analysis
& Prevention. 1984; 16(3):211–22.

24.

Smeed RJ. The frequency of road accidents. Bulletin of the International Statistical Institute. 1973; 45
(4):44–74. German

25.

Naji JA. Causal models for road accident fatalities in Yemen. Accident Analysis & Prevention. 2001; 33
(4):547–61.

26.

Hakim S, Shefer D, Hakkert AS, Hocherman I. A critical review of macro models for road accidents.
Accident Analysis & Prevention. 1991; 23(5):379–400.

27.

Oppe S. Development of traffic and traffic safety: global trends and incidental fluctuations. Accident
Analysis & Prevention. 1991; 23(5):413–22.

28.

Kopits E, Cropper M. Traffic fatalities and economic growth. Accident Analysis & Prevention. 2005; 37
(1):169–78.

29.

Andreassen DC. Linking deaths with vehicles and population. Traffic Engineering & Control. 1987; 26
(11):547–549.

30.

Cooper PJ. The nature and causes of the 1982 traffic accident casualty reductions in British Columbia.
Transportation Research Record: Journal of the Transportation Research Board. 1985; 1047(03):1–9.

31.

Bahadorimonfared A, Soori H, Mehrabi Y, Delpisheh A, Esmaili A, Salehi M, et al. Trends of fatal road
traffic injuries in Iran (2004–2011). PLoS One. 2013 May 28; 8(5):e65198. doi: 10.1371/journal.pone.
0065198 PMID: 23724132

32.

Borsos A, Koren C, Ivan JN, Ravishanker N. Long-term safety trends as a function of vehicle ownership
in 26 countries. Transportation Research Record: Journal of the Transportation Research Board. 2012;
2280(-1):154–61.

33.

Koren C, Borsos A. GDP, vehicle ownership and fatality rate: similarities and differences among countries. 4th IRTAD Conference; Seoul, Korea; 2009.

34.

Yannis G, Antoniou C, Papadimitriou E, Katsochis D. When may road fatalities start to decrease? Journal of Safety Research. 2011; 42(1):17–25. doi: 10.1016/j.jsr.2010.11.003 PMID: 21392625

35.

Gelman A, Hill J. Data analysis using regression and multilevel/hierarchical models. New York: Cambridge University Press; 2006.

36.

Hu JT. Road Traffic Safety Law of the People's Republic of China. Forestry Labour Safety. 2003, 9
(4):67–71. Chinese

37.

Xu P, Huang H, Dong N, Abdel-Aty M. Sensitivity Analysis in the Context of Regional Safety Modeling:
Identifying and Assessing the Modifiable Areal Unit Problem. Accident analysis and prevention. 2014;
70:110–120. doi: 10.1016/j.aap.2014.02.012 PMID: 24713219

38.

Jin F, Ding J, Wang J, Liu D, Wang C. Transportation Development Transition in China. Chinese Geographical Science. 2012; 22(3):319–33.

39.

Xu L, Zhao X, Ren G, Zhang Y. Traffic Policemen's Perceptions of Traffic Safety and Management in
China. 11th International Conference of Chinese Transportation Professionals (ICCTP); Nanjing,
China;2010. p. 1795–810.

40.

Yan S, Meng Q, Xiao R. Analysis and Countermeasures of Rural Highway Operating Safety in Central
Region of China. 12th International Conference of Chinese Transportation Professionals (ICCTP);
Shenzhen, China; 2012 p. 2474–81.

41.

Zhang J. Specificity analysis of safety enhancement for rural roads in China. 2012 World Automation
Congress (2012WAC); Puerto Vallarta, Mexico; 2012 p. 1–5: IEEE.

42.

Hu G, Baker SP. An explanation for the recent increase in the fall death rate among older Americans: a
subgroup analysis. Public Health Reports. 2012; 127(3):275–81. PMID: 22547858

43.

Hu G, Mamady K. Impact of changes in specificity of data recording on cause-specific injury mortality in
the United States, 1999–2010. BMC Public Health. 2014 Sep 27; 14:1010. doi: 10.1186/1471-2458-141010 PMID: 25262245

PLOS ONE | DOI:10.1371/journal.pone.0153251 April 12, 2016

10 / 10

